A multiphase CFD model has been developed and implemented in an in-house code for a coupled double loop circulation fluidized bed (DLCFB) reactor which can be utilized for the chemical looping combustion process. The air reactor and the fuel reactor were operated in fast fluidization regime and simulated separately, the connection between the two reactors is realized through specific inlet and outlet boundary conditions. This work represents a first attempt to model and simulate the novel DLCFB system. The model predictions of the axial pressure profiles are in good agreement with the experimental data reported in the literatures. In addition, typical core-annulus structure of radial solid volume fraction distribution can be well predicted in both reactors. These indicate the capability of the model for predicting the cold flow performance of the DLCFB system. Furthermore, the effects of superficial gas velocity, total solid inventory on the flow characteristics have been examined. The results show that an increase of the gas velocity could enhance the solid exchanges between the two reactors. The additional solids were accumulated in the bottom of the reactors when the total solid inventory was increased.
Continuity equations
The continuity equations for the gas phase and solid phase are given as 87 follows:
The volume fraction of gas phase (α g ) and solid phase (α s ) are sum up to one 89 in the two-phase model:
momentum equations 91
The momentum equations for the gas and solid phases can be expressed by:
2.3. Turbulence model for the gas phase
93
A standard κ−ε turbulence model [23, 24] has been used to describe the tur-
94
bulence phenomena in the gas phase, the gas turbulent kinetic energy equation
95
is expressed by:
The turbulent energy dissipation rate equation is formulated as:
2.4. Constitutive Closure Models The two phases are coupled through the interfacial momentum transfer,
100
which is dominated by the drag force. In this study, the Gibilaro [25] 
The value of the calibration parameter C is different for different kinds of par- 
where the particle Reynolds number is:
2.4.2. Closure Model for the gas phase
111
The gas phase viscous stress tensor in equation (4) is given as:
in which the bulk viscosity of the continuous gas was set to zero.
In the turbulence model, turbulent viscosity is defined by:
The turbulent kinetic energy production S t due to the motion of the particles 115 can be modelled with the method proposed by [27] :
The turbulent stress tensor is modelled by using the gradient-and Boussinesq
117
hypotheses[24]:
The empirical parameters in the κ − ε turbulence model are given in Table   119 1. properties of the solid phase. In this method, the granular temperature, which 125 is a statistical measure of the fluctuating kinetic energy of the particles, was 126 introduced and can be expressed as:
The conductivity of the granular temperature is calculated from [29]:
The collisional energy dissipation term is given by [30] 129
The radial distribution function denote the average distance between parti-130 cles and is calculated from an empirical relation[31]
The total pressure tensor of the solid phase occurring in (5) and (15) is 132 modelled similar to the Newton's viscosity law:
where the solid pressure p s and the bulk viscosity µ B,s is taken from [32]:
The solid phase shear viscosity can be modelled following the approach by
135
[29]
in which the dilute viscosity µ .
where #» v s,z is the axial velocity of the particles. r indicates the radial direction. Neumann conditions. At the outlet a fixed pressure is specified. That is the particle concentrations are low in the center and high near the walls. investigate the effect of increasing the FR gas velocity.
291
The effect of changes in the FR velocity on the solid concentration profile 292 is shown in Figure 9 . As expected the increment in fuel reactor velocity caused 
Effect of total solid inventory

309
Another parameter which can be used to control the system performance is were tested with four different inventories.
313
The variation of the axial solid volume fraction profiles with the TSI are 314 shown in Figure 11 . The increased solid mainly accumulated in the lower part.
315
The inflection point from dense region to dilute region is affected significantly 316 by the TSI. When increasing the TSI, the inflection point will move upward. 
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408 Table 1 Empirical parameters for the κ − ε model [24] .
0.09 1.00 1.30 1.44 1.92 0.25 Table 2 Main geometric and operating parameters for DLCFB [20] . Particle density kg/m 3 7000
Operational condition
Operating pressure atm 1.0
Operating temperature K 293
Gas superficial velocity of AR m/s 2.1-2.6
Gas superficial velocity of FR m/s 1.8-3.2 Table 3 Main geometric and operating parameters for CFB [35] .
Description Unit Value
Reactor geometry CFB riser height m 6.6 CFB riser diameter m 0.075
Particle properties
Mean particle size µm 75
Particle density kg/m 3 1654
Gas superficial velocity of inlet m/s 2.61 Table 4 simulation parameters. 
